Enzymatic reaction of hydrogen peroxide-dependent peroxygenase cytochrome P450s: kinetic deuterium isotope effects and analyses by resonance Raman spectroscopy.
Cytochromes P450SP(alpha) (CYP152B1) and P450BS(beta) (CYP152A1), which are isolated from Sphingomonas paucimobilis and Bacillus subtilis, respectively, belong to the P450 superfamily, but catalyze hydroxylation reactions, in which an oxygen atom from H2O2 is efficiently introduced into fatty acids (e.g., myristic acid). P450SP(alpha) produces the alpha-hydroxylated (alpha-OH) products at 100%, while P450BS(beta) produces alpha- and beta-hydroxylated (beta-OH) products at 33 and 67%, respectively. Using deuterium-substituted fatty acids ([2,2-d2]-myristic acid and d27-myristic acid) as a substrate, the peroxygenase reactions of the two bacterial P450s were investigated. In the P450SP(alpha) reaction, we observed an intermolecular noncompetitive kinetic isotope effect on Vmax (DV = 4.1) when [2,2-d2]-myristic acid was used, suggesting that an isotopically sensitive step involving the alpha-hydrogen of the fatty acid is present in the catalytic cycle. On the other hand, D(V/K) was masked, in sharp contrast to the features of usual monooxygenases P450. The characteristic kinetic features can be interpreted in terms of the faster product formation than the substrate dissociation. A similar kinetic isotope effect was observed [DV = 4.9, D(V/K) approximately 1] for the P450BS(beta) reaction, when d27-myristic acid was used as a substrate, indicating that the reaction mechanism is the same for both peroxygenases. The resonance Raman spectral data of P450BS(beta) in the ferric and ferrous-CO forms in the presence and absence of myristic acid demonstrated that the catalytic pocket of the enzyme is polar, so that the location of the carboxylate of the substrate close to the sixth ligand of the heme could be allowed. On the basis of these results on the kinetic isotope effects and spectroscopy, we discuss the possible mechanisms of the alpha- and beta-hydroxylation of fatty acids catalyzed by peroxygenases P450SP(alpha) and P450BS(beta).